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6,s  a % + -  S V I L L E  
The Automat ic  Per f  onnance Trade-off  Computer program (APT) described h e r e i n  
,ice c o n t r a c t  w a s  d e s i g n e d ,  coded, and debugged w h i l e  Northrop w a s  under  a. f i x e d  p-- 
(NAS8-30509) t o  MSFC. The Cosrtraci-.ing Off ic .erP s I :epresenta t ive  t h r o u g h o u t  t h e  
s tudy  has been Xr. ISriL1. Goldsby of  t h e  ? l ight :  P5echanics Branc.h, Pr0grali-i Develop- 
ment D i r e c t o r a t e .  
The arrt-.hors would l i k e  Co acknor.rlcclge HP. G02.dsljy arrd the members 
of h i s  s ta f f  f o r  t h e i . r  helpful .  s u p p o r t  i n  pro-vi.ding p e r f o r n ~ a n c e  data and f o r  
their t e c h n i c a l  c o n L r i b u t i o n s  t o  the des ign  of t h e  program, 
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Section I 
The need f o r  q u i c k  r e s p o n s e  by r r ~ i s s i o n  p l a n n e r s  and t h e  1-arge amounts of 
oytirnum pcrforinance d a t a  t h z t  ha-ire been generat-ed f o r  a ~lun:l>ei: of 1-aunch v e h i c l e s  
af i n t e r e s t  has resul-Led i n  t h e  NASA r e q u e s t  (EFQ DCN 1--7-21-0002) f o r  a quiclc 
r e t r i e v a l  system f o r  s u r v e y i n g  o p t i m u : ~  p e r f  orma~lce v a r i a t  i o n s  due  t o  m i s s i o n  
a n d  v e h i c l e  \ ~ a r i a t i o n s .  Described i n  t h i s  summary tecllazica !. r e p o r t  i s  t h e  
Automat ic  Performance Trade-off  (AFT) computer program which is  Nor th rop ' s  
r e s p o n s e  (under NAS8-30509) t o  t h e  T$AS/i need.  To s a t i s f y  t h e  n e e d s  of m i s s i o n  
p l a n n e r s  such a sgstern shctuld have t h e  f  a l l a s r ing  c l ~ a r a c t e r i s t i c s ,  F i r s t ,  i t  
s h o u l d  e f f i c i e - a t l y  c a t a l o g  and  s t o r e  i r l f o r n ~ a t i o n  from optrimtial. launcl i  v e h i c l e  
@ r a j e c r o r i e s  i n  l a r g e  data banks. Secondly,  i t  s h o u l d  be a b l e  t o  q u i c k l y  
r e t r i e v e  t h c s e  d a t a  ancl hy u s i n g  numer ica l  t e c h n i q u e s  expancl i t s  r a n g e  of 
u s e f \ ~ l . n e s s .  F i n a l l y ,  i t  shou ld  d i s p l a y  t h e s e  d a t a  i n  severa l .  f o r m a t s  e a c h  
s f  which have been des-igned t o  maximize t h e  i n m e d i a t e  u s e f u l ~ z e s s  of t h e  d a t a  
&o a p a r t i c u l a r  m i s s i o n  p l  ann ing  f u n c t i o n ,  The Noj:throp Automat ic  P e r f  obn~ance 
Trade-off program compl.etel y s a t i s f i e s  t h e s e  r e q u i r e m e n t s ,  
The b e n e f i t s  t o  t h e  n i i s s ion  p l a n n e r s  from such  a sys tem are many f o l d :  
e The e f f i c i e n t  u t i l i z a t i o n  of t h e  APT program w i l l  tend t o  e l i m i n a t e  
w a s t e f u l  d u p l i c a t i o n  i n  t h e  g e n e r a t i o n  of p e r f o r ~ n a i ~ c e  d a t a  i n  connec- 
t i o n  wi th  missi.on p l a n n i n g  a c t i v i t i e s .  Thus, t h e  c e t a l o g i n g  and 
s t o r a g e  sys tem t o n r l a l l y  g i v e s  a  permanent "horae" t o  any g e n e r a t e d  
d a t a .  T h i s  w i l l  eli.rniriat-e tile n e c e s s i t y  of runn ing  most performance 
v a r i a t i o n  p r e d i c t i o n  c a s e s  because s u f f i c i e n t l y  a c c u r a t e  d a t a  f o r  
ell r e a s o n a b l e  d a t s  p o i n t s  c;:n be found by i n t e r p o l a i i o n  and e x t r a -  
po la t io lz  of e x i s  Ling rlurnbers i n  t h e  s t o r a g e  bank, 
o Because of t h e  g e n e r e l i . t y  of t h e  lzumerical t e c h n i q u e s ,  d a t a  t r e n d s ,  
and  program l o g i c ;  new1 y e v o l v i n g  l aunch  v e h i c l e s  can  be c o n v c n i e n t l y  
adcled. t o  t h e  s t o r a g e  banks by runn ing  a minimum nrnnber of s e l e c t e d  
opti~;lum t r a j e c t o r i e s  f o r  d a t a  p o i n t s .  
The program can be aslced t o  d i s p l a y  t h e  e x t e n t  and I . j .mitations of i t s  
d a t a  with. r e s p e c t  t o  any o r  a l l  of ghe l.aunch vch j -c les  and  a  f i g u r e  
of m e r i t  i s  a v a i l a b l e  f o r  a l l .  ex'crapo1al:ed payload numbers. 
e I n  a d d i t i o n ,  i f ,  (1) d a t a  point:s e x i s t  f o r  t h e  v e h i c l e s  of i n t e r e s t ,  
and ( 2 )  a l l  v e h i c l e  and m i s s i o n  v a r i a t i o n s  are r e a s o n a b l e ;  t h e n ,  a l l  
m i s s i o n  p l a n n e r s  a s s o c i . a t e d  v;ith a given s t u d y  can be i ~ n m e d i a t e i y  
p rov ided  ~ ~ 5 t h  new .pe r fo rmance  d a t a  - :in a fo rmat  s t reat i l l ined f o r  t h e i r  
imnediate needs - whenever study ground r u l e s  change.  P h  is belie.vccl 
tr1~a.t this qu i ck  response wi1 . l  be of n:ajo~: importarrce i.n many s t u d i e s  
ancl a l l o w  plaixcers t o  couce,ntrat:e on more r;uLtl-e. aspects of  t h e  s t u d y ,  
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s Low liarti1 O r b i t s  
o P o l a r  O r b i t s  
s High Energy Missioras 
o S ~ ~ C ~ I ~ O I ~ O U S  O r b i t s  . 
Th-, 1ot.1 e e r t h  o r b i t s ,  bob11 c i r c u l a r  and e l l i p t i c a l ,  are d e f i n e d  t o  be  
t h o s e  o r b i t s  whose a l t S t u d e s  range from 100 t o  500 n m i .  These o r b i t s  are 
a c l ~ i e v e ~ l  by d i r e c t  i n  j ec t - ion  with no yaw s t e e r i i l g  . 
- ,  
Pela t -  o r b i t s ,  b o t h  c i r c u l a r  and e l S i p t i c a 1 ,  a r e  ach ieved  by u s i n g  a  yaw 
steeri:;a; n~zneuver .  T h i s  yaw nmueuver s ta rcs  a t  soilie t i m e ,  t ,  a f t e r  l i f t - o f f  
and cnriflinrres a t  a c o n s t a n t  r a t e  u n t i l -  t h e  d e s i r e d  p o l a r  o r b i t  i s  achiev-ed.  
The ya1.7 r a tz  used   as t h a t  r a t e  whi-ch resul.l-.ecl i n  o b t a i n i n g  t h e  m a x i m u m  pay- 
l o a d  in t h e  f i n a l  o r b i t .  T h e  two launcll  az l i~nuths  use-d w i t h  t h i s  p r o b l e ~ n  were  
45 and Z45 degrees. 
High  energy rn i s s ians  are t h o s e  i l l e r e  t w i c e  the energy  p e r  u n i t  mass h a s  
been s p i i = c i f i e d .  These  in i s s ions  proceed f i r s t  t o  a 100 n m i  c i r c u l a r  parlcj-ng 
o r b i t ,  Then t h e  ~ n g i n e s  a r e  r e i g n i t e d  and burn u n t i l  t h e  d e s i r e d  e n e r g y  l eve l .  
i s  achieved.  The h i g h  energy  m i s s i o n s  c o n s i d e r e d  hy tl-te program assunled t h a t  
E a r t h  e q u a t o r a l  s y n c h r o n ~ u s  o r b i t s  a r e  a c h i e v e d  by f i r s t  i n j e c t i n g  i n t o  
a 100 n m i  c i r c u l a r  pa rk ing  o r b i t .  The s e h i c l e  t h e n  performs a 2.5-degree 
p l a n e  cExange maneuver l c a v i n g  park ing  o r b i t  and removl'rrg t h e  rcrnaining i n -  
c l i n a t i c r t  at: apogee,  The p a t h  from t h e  p a r k i n g  o r b i t  t o  t h e  f i n a l  o r b i t  i s  
assuined. r o  be t h a t  s p e c i f i - e d  by a Hohrnann t r a n s f e r .  
-. 
hl lsu c o r ~ s i d e r e d  were  i n c l i n e d  o r b i t s  w i t h  sychronous o r b i t  a l t i t u d e s .  
These  oz-bi t s  were  a c h i e v e d  s i r n i l ~ ~ i r l y  t o  t h o s e  of: e a r t h  ecjuatori.a.l o r b i t s  
'$ 
but w i t k a u t  m y  p l a n e  change.  
An a d d i t i o n a l  s e r v i c e  tms s u p p l i e d  w i t h  t h e  synchronous o r b i t  problem, 
The p r o =  i-ani w i l l  de tera~l i ie  1 atlrlch az i r~ lu th  oppoz-lu,lii-i es s o  t l l a t  t h e  v e h i c  l e  
l e a v i n g  ~ a r X  o r b i t  ( d e p a ~ t u r e  f r o m  t h e  ascend ing  o r  descend ing  node) w i l l  
i r ~ j e c t  f;xto t h e  f2naS  o1:bi.t o v e r  some s p e c i f i e d  longJ.ttade. 
For t h e  above mi.ssion, d ~ e  t o  range s a f e t y  reclui rements ,  o n l y  t h e  l a u n c h  
c a p s h l e  o f  r e p r o d u c i n g  s s tage  i.uipact t r a c e  f o r  the above rnj-ssion as a f u n c t i o n  
of IE-isr;i.on para~neters. 
Section l l !  
RESULTS 
The p r i n c i - p a l  r e s u l t s  of t h e  s t u d y  were  t h e  d e s i g n ,  c o n s t r u c t i o n ,  and de- 
bugging o f  tlie R u t o m t i c  P e r f o i ~ n a n c e  P r e d i c t i o n  (APT) cozuputcer prograIri, The 
7 
s u c c e s s f u l  cievelopment of  t h e  program s a t i s f i e s  t h e  s t u d y  o b j e c t i v e s  g i v e n  in 
, s u b s e c t i o n  1 . 2  i n  e v e r y  r e s p e c t ,  
3.1 PERFORMANCE VARlkTiC)F\iS FC'R VAHIATIONS IN PJlSSION PARAMETERS 
From t h e  s t u d y ,  c a t a l o g i n g  t e c h n i q u e s  were  developed f o r  s t o r i n g  p e r -  
f ol-mance e f f e c t s  as a f  ~ m c t i . o n  of  r n i s s i o ~ l  para.met-.ers f o r  t h e  v a r i o u s  m i s s i o n s .  
The c a t a l o g i n g  t e c h n i q u e s  r e s u l t e d  i n  s t o r i n g  a  mir?inlum number of  p o i n t s  a n d  
a t  t h e  sarne t i m e  rnaintaii-i. t h e  i n t e g r i t y  of  t h e  i n t e r p o l a t e d  r e s u l t s ,  T'ne 
s p a c i n g  o f  t h e  d a t a  p o i n t s  f o r  the iralrious inissi.ons was detcrniirzed suck1 t h a t  
t h e  e r r o r  j-nduced by interpo1ati.oi-i would b e  n e g l i g i b l e .  The progra.rn d e t e r m i n e s  
a f i g u r e  o f  rue r i t  which i s  a n  e s t i n l a t e  o f  t h e  e r r o r  which r e s u l t s  wlienn 
e x t r a p o l a t i n g  beyol-id a d a t a  bank f o r  a  pa.yll.oad. T h i s  f i g u r e  o f  iilerit is 
p r i n t e d  o n l y  when t h e  es t ima- te  i s  g r e a t e r  t h a n  2 percent ,  
p a r a m e t e r s  a r e  p r e d i c t e d  by t h e  u s e  o f  p s u e d o - " p a r t i a l  deri:vatrives oE pay load  
w i t h  r e s p e c t  t o  e a c h  v e h i c l e  pa ramete r .  These psuedo-pa, r t ia l  d e r i v a t i v e s  are 
c a l l e d  exchaage r a t i o s .  Care  must  b e  t a k e n  i n  u s i n g  t h e s e  exc11:mge r a t i o s  
t o  i l l s u r e  t h a t  t h e  r a n g e  o v e r  whj-ch t h e y  can  b e  assurned Linear  i s  n o t  
exceeded .  
- , 
3.3 STAGE IIvIPACT TRACE 
S u f f i c i e n t  d a t a  c a n  be s t o r e d  i n  t h e  p r o g r a n  t o  g e n e r a t e  s t a g e  impac t  
traces f o r  t h e  vat - ious  m i s s i o l s .  The program will on ly  h a n d l e  i ~ i i p a c t  t r a c e s  
a s  a f u n c t i o n  of  m i s s i o n  p a r a m e t e r s ,  A s i m p l e  sclrerne xiins found f o r  hal-rdl i n g  
impac t  t r a c e s  as a f u n c t i o n  of  l aunch  a z i r w t l ~  f o r  a l l  n l i s s ion  e x c e p t  f o r  p o l a r  
o r b i t s .  These orb;-t were  hand led  d i f f e r e n t l y  bccause  a yaw s l e c r i n g  ma-ieuver 
had t o  be accoun ted  f o r .  The impact  traces f o r  the h igh  e n e r g y  l n i s s i o r ~ s  a,nd 
~ h c  synchronous  o r b i t s  are t o  t h e  LOO 11 m i  c i ? - c u l a r  park in^; o r b i t  f o r  any 
azintuth .  
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TIP- perfor:?zilce inXorii?ation n ~ c ~ ~ ~ i n i i v i l  p r c v i o t ~ s l y  ir: sto,.ct3 i n  l a r g c  d a t a  
b a n k s ,  S'he d a t a  i s  stol-ed i n  GLOCK DATil r o u t i n e s  which are l i i lked  t o  t h e  ma in  
:?rogram. Each BLOCK DATA r o u t i n e  c o n t a i n s  a l l  tllct i n f o r m a t i o n  s t o r e d  f o r  a 
, r a r t i c u L r  u e l i i c l e .  By s t o r i n g  d a t a  in this Lornl i n s t e a d  of on t a p e ,  i t  was 
r o t  n e c e s s a r y  t o  d e v e l o p  r o u t i n e s  Cor the program .i,~hicl~ cou ld  r e a d  and wri- te  
,zn tapes- :., Ti:ese d a t a  banks i n  BLOCK DATA form a r e  easily a c c e s s a b l e  f o r  
m o d i f i c = r ; i o n s  and a d d i t i o n s  t o  t h e  d a t a .  &ew data benks f o r  new v e h i c l e s  c a n  
e a s i l y  :e added t o  t h e  program as t h e y  bccoatc avail;lLLe, 
9.5 I Nc"ERPOLA-SlON/EXTRA19O!-~i-~IC,~\I Kiz7i^k+OD 
T h e  Lagranee lnetllod of interpo1at. i-on w a s  s e l e c t e d  f o r  use i n  t h e  progsam. 
.Fne oT Lhe major reasons Xor s e l e c t i t l g  tilis r~te t l~od L ~ J ~ S  t h a t  it does  n o t  r e q u i r e  
-=.qua] s;c-cing b e ~ w e e n  c o ~ ~ s e c i r t i v e  values ~f the il idependent v a r i a b l e .  T h i s  
- :i~tttiod = ;.,as e a s i l y  progravmed and ex tended  t o  hand1.e s e v e r a l  independent.  v a r i a b l e s .  
n- l n e  valiie of t h e  dependent  v a r i a b l e  o b t a i n e d  from ilLzulti-dirnensbo~ial i n t e r - p o l s t i - o n ,  
?&as& a;: Lagrange ' s method, i s  independen t  of which .independent v a r i a b l e  i s  inter- 
p o l a t e d  f o r  f i r s t ,  
f.:<-? y*-rgtr:* 
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HUNTSVILLE 
I Tlte s t u d y  h a s  sl lor~n t h a t  a syctcm cou ld  be develc)l:ed 1 h e r e  performance i n -  
f 
f o r ~ l l a t i o n  o b t a i n e d  from sophi  s t  i c a t e d  Launch vpl-iicl c? optimizczt j on programs c a n  
Y 
t b e  s t o r e d  and  r e t r i e v e d  x , l i thou~ l o ~ s  of i n t e g r i t y  i n  t h e  d a ~ a ,  Numerical  
i - ec t~n iques  can be  used t o  i n t e r p o l a t e  2nd e x t r a p o l a t e  t o  g e n e r a t e  new d a t a  
Kroa t h e s e  d a t a  tmnks. 'Ihe progsairi performs e q u a l l y  xael.1 i n  c le te l -nr i~ing b o t h  
pay load  i n £  o r ~ i ~ a t i o n  and s t a g e  inlpac t t m c e s .  
The c a t a l o g i n g  technicjues have show11 t h a t  t h e  d a t a  can e a s i l y  be  spaced 
s o  t h a t  t h c  e r r o r  due t o  i n t e r p o l a t i o n  &or  payload informat ia ia  c a n  be k e p t  we]-S 
1 )e low one p e r c e n t ,  These  c a t a l o g i a ~ g  tec l~n icp~ies  developed lor- t l ie  v a r i o u s  
m i s s i o n s  w i l l -  b e  e x t r e ~ i ~ e l y  use fu l .  g u i d e l i r ~ e s  i r ~  gene ra t ing  d a t a  f o r  new vebic l .es ,  
The o u t p u t  format's cleveloped f o r  t h e  v a r i o u s  m i s s i o n s  are i n  r e p o r t  fo rm,  
T h i s  t r i l l  lea.ve t h e  a.nalyslc f r e e  t o  p e r s u e  more i~npor t -an t  t a s k s .  
The data r e  t : r i e v a l  sys tem cleveloped by Northrop , w i t h  t h e  above f e a t u r e s ,  
w i l l -  b e  a v e r y  u s e f u l  t o o l  t o  in i s s ion  p l a n n e r s ,  L C  p r o v i d e s  e f f i c i e n t  g u i d e l i n e s  
f o r  g e n e r a t i n g  per£ormat:ce inf:'orrtlatjon, p r o v i d e s  a p l a c e  Lo s t o r e  t h i s  
in fo r r imt ion ,  a ~ l d  w i l l  expand t h e  range of u s e f u l n e s s  of t h e  informat i .on.  
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H U N T S V I L L E  
The f o l l o w i r z ~  recoiiiinendations a r e  111ade fol. i rzcreas ing t h e  u s e f u l n e s s  of 
t h e  program t o  the m i s s i o n  p l a n n e r .  These recomnlenda t i o n s ,  i f  implemented, 
u 
ti11 g i v e  t h e  pl.a:z~er t h e  c a p a b i l i t y  of f a s t e r  r esponse  t o  problems from con- 
c e p t i o n  t o  t h e  f  k ~ a l  r e p o r t .  
e Develop i ~ ~ t o  t h e  program t h e  c a p a b i l i t y  of c a l l  s o p h i s t i c a t e d  l a u n c h  
v e h i c l e  opf i m i z a c i o n  programs. Thus, when s e a r c h i n g  f o r  i n c o r m a t i o n  
which l ies a t  a l a r g e  d i s t a n c e  o u t s i d e  t h e  d a t a  bank, t h e  o p t i m i z a t i o n  
p1:ograms would b e  call .ed.  Runs c o u l d  then  be  made u s i n g  t h e  o p t i m i z a t i o n  
declrs which would i n c r e a s e  t h e  d a t a  bank t o  t h e  a p p r o p r i a t e  s i z e .  The 
a p p r o p r i z t e  size would be wllcre t h e  e r r o r  encounte red  by i n t e r p o l a t i - o i l  
and ex t r z ; m l a t i o n  would be a c c e p t a b l e ,  Th i s  i n f o r m a t i o n  which w a s  
gene;-ated would t h e n  be s t o r c d  f o r  f u t u r e  u s e .  
Anotller use f o r  t h i s  f e a t u r e  would b c  w i t h  new v e h i c l e s .  Here t h e  
appropr ia f se  v e h i c l e  d a t a  c o u l d  be  suppl-ied a l o n g  w i t h  t h e  t y p e s  of 
m i s s i o n s  t o  be  c o n s i d e r e d .  A d a t a  spec:trum vouJ-d t h e n  be generat-ed 
f o r  a g i v e n  m i s s i o n  i n  a c c o r d a n c e  w i t h  t h e  c a t a l o g i n g  t e c h n q i u e s  
p r e v i o u s l y  d e f i n e d .  T h i s  d d t a  c o u l d  then  b e  s t o r e d  For  f u t u r e  u s e .  
Th is  o p t i o n  b.io~tld r e d u c e  human e r r o r  t o  a minimurn, The g a i n  i n  
e f f i c i e n c y  would g r e a t l y  i n c r e a s e  t h e  m i s s i o n  p l a n n e r  ' s r e s p o n s e  f o r  
preliminak-y s t u d i e s .  
e It i s  recoxonended t h a t  a c o n v e r s a t i o n a l  mode b e  added t o  t h e  program. 
T h i s  f e a t u r e  .woul.d allo.c,i t h e  u s e r  t o  co~llmunicate w i t h  t h e  program. It 
would a l l o w  t h e  prograrii t o  b e  used  by more p e o p l e  by e l i m i n a t i n g  t h e  
t ime r e q u r r e d  t o  s t u d y  progra.1~ documentat ion.  
With a c o n v e r s a t i o n a l  mode the prograr,I would p roceed  i n  t h e  f o l l o w i n g  
manner. Hr r i t i a l l -y ,  t h e  program would d i s p l a y  t h e  program's  major  o p t i o n s  
i n  sequence  t o  t h e  u s e r .  T h e  u s e r  cou ld  s e l e c t  t h e  d e s i r e d  o p t i o n s  by 
i n p u t  t l ~ r o i l g h  a t y p e w r i t e r  . A f t e r  s e l e c t i n g  t h e  v a r i o u s  o p t i o n s ,  t h e  
program would then d i s p l a y  t h e  cor responding  i n f o r l l ~ a t i o n  s t o r e d  f o r  t h e  
v a r i o u s  vehi.cJ.es. The u s e r  t h e n  s e l e c t s  t h e  a p p r o p r i a t e  v e h i c l e s .  The 
program, s t e p w i s e ,  shows t h e  u s e r  ho.ti7 t o  i n p u t  v a l u e s  f o r  t h e  rniss ion 
and v e h i c l e  paranret e r s  f o r  whicll he  d e s i r e s  performance i n £  ormat ion.  
The progrsm would t h e n  deter-nine  t h e  d e s i r e d  i n f o r m a t i o n  by i n t e r p o l a t i o n  
and e x t r a p o f  ati.03 technicltles . The prograin x\rould t h e n  d i s p l a y  o u t p u t  
o p t i o n s  which are a v a i l a b l e ,  The p r o c e s s  c o u l d  b e  r e p e a t e d  u n t i l  t h e  
u s e r  h a s  s o l v e d  h i s  p a r t i c u l a r  problem. ?'hi.s t y p e  of mode c o u l d  a l s o  b e  
connected t o  t l ie d a t a  st:orage banks.  Then t h e  u s e r  c o u l d  b e  g i v e n  
d e t a i l e d  i n s t r u c t i o r r s  i n  tlow t o  s t o r e  h i s  d a t a  f o r  f u t u r e  u s e .  
e At p r e s e n t ,  t h e  program only  o u t p u t s  u s i n g  a s t a n d a r d  p r i n t e r .  The 
i n c o r p o r a t i o n  05 t h e  u s e  of o t h e r  t y p e s  of o u t p u t  d e v i c e s  would enhance 
t h e  usefu-6xiess of t h e  program. The cidd.ition o f  p l o t t i n g  r o u t i n e s  cou ld  
be u s e d  to show t r e n d s  i l k  v e f ~ i c l e  pci-forrnance, They can al:;o be uscd 
to ~1101~ impact trace 01% a 21-aph of the earth, Tho u s e  oil an oscFIJoccopc 
out puL ~ ~ i l l c l  be h e l p f u l  i r z  connect~l  or1 w i  i:l-1 t h e  co~~versa: ional  mode, 
Tlrc o u t p u t  ruode t~onld. also allow tile user to see h i s  results bc1or.c 1 1 a ~ i i 1 ~  
t h c x n  p r i n t e d .  
